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Stefan Knirck | BREAD: Broadband Reflector Experiment for Axion Detection 2

Coaxial Dish Antenna Pilot Experiments Conclusion
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scaling to large 
volume?
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modes & crossings

😬
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✔ high-Q resonance

𝑩

✔ high B-field

[https://www.snowmass21.org/docs/files/summaries/CF/
SNOWMASS21-CF2_CF0-IF1_IF0_Aaron_Chou-175.pdf]
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✔ “dish antenna”
[Horns et al, arXiv:1212.2970]
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ITER: 2.6 m bore x 13 Tesla

Compilation by Mark Bird, NHMFL
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The Magnet: Solenoid
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The Magnet: Solenoid
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𝑩

Magnetic field lines: https://upload.wikimedia.org/wikipedia/commons/thumb/e/e2/VFPt_Solenoid_correct.svg/2560px-VFPt_Solenoid_correct.svg.png
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The Magnet: Solenoid
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antenna?
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Coaxial Dish Concept
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Design Legacy: 19th Century Lighthouse Mirrors
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https://uslhs.org/reflectorsFrom
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https://uslhs.org/reflectors


Receiver Types
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Heterodyne Bolometer Single Photon Counting

à Giga-BREAD à Tera-BREAD pilot
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Sensitivity
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Adapted from
[Rybka et al, PDG2019]

100 days integration
Dish: 𝐴 = 10 m'

Magnet: 𝐵 = 10 T
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Giga-BREAD: RF Simulation
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e.g.  [Bykov et al, 
DOI:10.1134/S0020441208050126]

[Barros et al, DOI:10.1109/IMOC.2013.6646569]



Giga-BREAD: Realization
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Coaxial Dish Antenna Pilot Experiments Conclusion

Reflector & Horn Mechanical Design Detailed RF Simulations DAQ

Don Mitchell, Matthew Sawtell with Gabe Hoshino

~
FFT

RF

IF

LO

FFT on
FPGA

Gustavo Cancelo, Leo Stefanazzi
Chelsea, James



Giga-BREAD: Sensitivity
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Cosmology

Sensitivity Projection

Amp.

40 K

4 K

limit plot adapted from [Caputo et al., arXiv:2105.04565]

…
HEMT
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Tera-BREAD: Velocity Effects
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dish

Incoming WISP: Outgoing Photon:

For Dish Antenna:CDM Velocity:

outgoing angle ∼ 𝑣 ~ 10",𝑐DM velocity ∼ 𝑣 ~ 10",𝑐

Standard Halo Model:
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[Jaeckel, Redondo arXiv:1307.7181]
[Jaeckel, SK arXiv:1509.00371]



Tera-BREAD: Velocity Effects
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Radius: 
𝑅 = 200mm

Dish Area:
𝐴 = 0.7m'

(Pilot Experiment Dims.)

Intensity Distribution 𝑟 𝐼(𝑟)
Estimates

BREAD

spherical dish 
1m distance

focusing velocity effect limited

Coaxial Dish Antenna Pilot Experiments Conclusion



Tera-BREAD: Mechanical Requirements
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Matthew Malaker

Coaxial Dish Antenna Pilot Experiments Conclusion



Tera-BREAD Pilot
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40 K

4 K 0.3 K

NIST SNSPDNIST/MIT SNSPD

1 photon/day
dark rate

1 day
measurement

Sensitivity Projection

[Hochberg et al., 
PRL 123 (2019)]

Coaxial Dish Antenna Pilot Experiments Conclusion

about to start SNSPD
tests at FNAL
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Broadband Reflector Experiment for Axion Detection (BREAD)
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Thank you very much!
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Appendix
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Tera-BREAD: Different Design Paths
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Centered Detector

Incident Rays
from wide angles

Secondary Mirror(s)

Incident Angle
Adjustable



Receiver Types
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Microwave mm IR Visible UV
1 GHz 10 GHz 100 GHz 1 THz 10  THz 100 THz 1000 THz 1 PHz

Photomultiplier Mature single photon counting
Photodiode, SIPM, APD               high dark counts
HEMT Phase sensitive and broadband
Superconducting paramp JPA, TWPA      ~quantum limited
Photomixers SIS, HEM  Narrow band
Semiconductor bolometer
Transition Edge Sensor (TES)
Kinetic Inductance Detector (KID)
Superconducting Nanowire SNSPD
Qubit
Quantum Capacitance Detector
Current Biased Josephson Junction

Bolometers 
NEP~10-18W/ #$ Superconducting photon 

counters with
low dark current

Developing single photon technologies for GHz- THz
~10-20 W/√!"



A few notable recent photon counting results

• Detection of individual 1.5 THz photons (6 meV) with NEP 2 x 10-20 W/Hz1/2 Echternach et al., 
Nature Astronomy 2, 90–97 (2018). 

• Counting 6 GHz (25 µeV) photons by coupling to a qubit. Background ~3 Hz, Dixit et al.,  
arXiv:2008.12231v2

• Counting 14 GHz photons (58 µeV) with current-biased Josephson junction with backgrounds 
below 10-3 Hz. Kuzmin et al., IEEE Trans. Appl. Super. 28 7 (2018) & Patras 2019.

• NIST/ MIT superconducting nanowires with high counting efficiency for 1550 nm photons (0.8 
eV) and backgrounds now <1/day. Hochberg et al., PRL 123 (2019).

• Counting of single photons in the previously inaccessible range from 
microwaves to terahertz is an exciting and rapidly moving field.
• Still a way to go before meeting needed requirements for QCD axion 

detection.
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